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0 = 1/A = wavenumbpe

K band : 4000 - 5000 cmt
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x and g are conjugate variables

FLUOR : datareduction Michelson summer school GP May 22nd, 2001




FLUOR : datareduction Michelson summer school GP May 22nd, 2001




-0 & A3 RN A
-} 11 1 1

00 947 oMm oAT 0im sim o oim 020 oim ol

o o FE vuil
- 59
== =
- -
- e
- -
@- =
l:-‘ L) L) " L] L] L) n " 1 1 - 1 1 L] L} 1 1 n n 1 1
DO0D 007 00% 0DOTR 000 907 O 0,7 00 DS 0250 DAOD 04T 0% DATS 00 ST odm oiT 02w nizm pimos

The x matrix is estimated by blocking alernatively one of the beams of FLUOR
and recording the signals in the unblocked photometric and two
Interferometric channels
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g

The fringe contrast is computed by integrating the spectrum

To avoid bias of the contrast modulus estimate by noise, the integration is
performed on the power spectral density
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Comment: the photon noise PSD should be subtracted too. It was not the
case at the time of the R Leo observations because the photon bias was

far below noise
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Subtract integrated processed noise PSD
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That's it! You have computed the estimate of the squared coherence factor of
one scan in one interferometric channel
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Final estimate of the coherence factors

Squared coherence factors are computed for each scan per interferometric channel

llllllllllllll

Lo laded msgrifuds 1

They define a statistics (histogram) from wich a standard deviation is derived

o)

1 +o(1s,)

For more details on this algorithm see:

V. Coudé du Foresto et al., Astron. Astrophys. Suppl. Ser. 121, 379-392 (1997)

Eventually one gets:
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- turbulence?

- differential piston?
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Cdlibrator 1

Cdlibrator 2 Calibrator 3

Cdlibrator 4
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observing time =

Observation Blocks (OB)

e 10OF=1set-up
— same night
— same detector parameters (frame rate, number of frames, ...)
— samefilter...

* Principle: follow slow coherence loss fluctuations
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3. Interpolate transfer function at time when source was observed
_ - t
(1) = (ﬁ]ﬁm{ ’ tl]Tf(tz) s ¢

-t L-y
4. Calibrate single channel visibility for science target

2
2 _ Hsrj

T
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At this point, we have derived visibilities for each channel

1,50-
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Before deriving the final visibility estimate the important issues of
assoclated error bars and correlations have to be looked in details
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Propagation of errors

Sources of errors (10 error bars).
- errors on coherence factors (detector noise, photon noise, piston
Noise)
- errors on the diameter of calibrators

Propagated errors:
- error on squared transfer functionsZ\  ratio of gaussian variables

the error is computed by estimating the 67% confidence interval of the
random variable

- error on single-channel interpolated transfer functions:

the interpolation is equivalent to estimating the transfer function at 7 by a
|east-squares fit. The error on the interpolated T is derived by varying a

XZ.
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Propagation of errors

At this point, two visibilities V,2 and V,? and their 1o errors have been derived

These two estimates are not independent and part of the noise is correlated in the
two channels:

- errors on calibrators diameters
- errors generated by seeing (photometric calibration, piston)

These correlations need to be taken into account for all the random variables
considered so far.

The current output of the calibration procedure is therefore:
- two squared visibilities and associated errors: Vlz, V2‘2 , 0y, O,
- correlation factor: Oy
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Propagation of errors
and final visibility estimate

Thefinal visibility estimate is obtained by minimizing the quantity:
2\ /2 _1— \/12_\/2 t 012 /0120'10'2)_1(\/12 _VZ]
M 2(\/22 _VZ] (pﬁa—la—z a; V,* = V2

At minimum we have the following relations yielding the final visibility estimate
and error:

1
V2 = 012 + 022 —20,,0,0, [V12 (a§ _:0120102) +V22(0'12 - ,0120102)]
g2 = L-pp)oio;
V2 012 i Ug - 20,0,0,
2 Y= (M* - \/22)2
Two-channe Kie™ ¢ 012 +022 ~20,0,0,
' 1+
SpeC|a| case. 0,=0,=0 = 0%/: 210120,2
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|brators (the expected visibilities are then correlat

It is therefore necessary that the data reduction program outputs numbers
necessary to compute the correlation a posteriori.
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The calibration may not always be perfect for severa reasons.

- gaussian statistics assumption fails

- vibrations

(visit museum of horrors!) — zs- 3
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- too large piston fluctuations

- avisitor has been too curious and has touched the fibers

- bad genius of astronomical interferometry takes specia care of you!
- others we still don't understand ...
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The calibration may not always be perfect for several reasons:

- gaussian statistics assumption fails

- vibrations
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- too large piston fluctuations

- avisitor has been too curious and has touched the fibers

- bad genius of astronomical interferometry takes specia care of you!
- others we still don't understand ...
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Tools are needed to objectively select visibility pointsin order to avoid

this:
Alpha Her Alpha Her
Super giant star of type M5 1b Super giant star of type M5 1b
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Selection rules.
-1. rgect interferograms with vibrations (can be done during observations

before saving an OB), sudden spikes, strange features ...
-2. regject batches with skew and bias of 2 distributions over certain

limits (default values. skew=3a0, bias=20)
-3. rgect visibilities for which the two channel X, 2 islarger than 3:

the two estimates are not compatible within 3o
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Sdlection rules (continued):

- 4. rgject visihilities for which transfer function has fluctuated by
morethan x o

These rules can be more or less stringent and can be adaptated depending
on the science goal to achieve:

- very stringent for programs requiring high confidence and accuracy
- stellar pulsation (Mira stars, Cepheids)
- detection of surface features

- direct exoplanet detection: precision level required few partsin
few 10,000

- relaxed for easy programs (ex: diameter measurement)

Last rule: plot and fit visibilities only after pre-defined rules have been applied!
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algorithm to remove the photon noise bias.
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» data modelling
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